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LH.O Legacy from HERA:

e Structure functions in an extended x-Q? range, xg « | /x*, A>0:
PDFs for the LHC.
® Large fraction of diffraction 04t/ Gtoc~ | 0%.

® But: eA/eD, kinematical reach at small x, luminosity for high x /for
searches (odderon,...), flavour decomposition, GPD:s,...
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LH.O Legacy from HERA:

e Structure functions in an extended x-Q? range, xg « | /x*, A>0:
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LH.0 DIS at the LHC:

CERN-ECFA workshop, Lausanne, March 1984:
a Large Hadron Collider in the LEP tunnel

PHYSICS OF ep COLLISIONS IN THE TeV ENERGY RANGE

* -
G. Altarelli ), B. Mele ) and R. Riickl,
CERN, Geneva, Switzerland
(Presented by G. Altarelli)

ABSTRACT

We study the physics of electron-proton collisions in the range of
centre-of-mass energies between vs = 0.3 TeV (HERA) and vs = (1-2) Tev.
The latter energies would _be achieved if the electron or positron beam
of LEP [E, = (so-looi GeV] is made to collide with the proton beam of
LHC [Ep = (5-10) TeV].
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Guido Altarelli (1941-2015)

® 2006: proposal of the Large Hadron Electron Collider (hep-ex/
0603016), taken in 2007 by CERN, ECFA and NuPECC.

e Study group formed in 2008, series of regular workshops.
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LH.C The LHeC:

oLHeC@CERN — ep/eA experiment using p/A from the LHC:
Eo,=7 TeV, Epp=2.75 TeV/nucleon, and possibly from the FCC (FCC-
he): E,=50 TeV, Ep,=19.7 TeV/nucleon.

® New e*/e accelerator: Ecm~1-2 (3-5) TeV (E<=50-150 GeV).

® Requirements:
* Luminosity~1-10% 1033 cm2s-!.
* Acceptance: |-179 degrees (low-x ep/eA, Q*~1 GeV?,
nominal energy).

*Tracking to 0.1 mrad.

* EMCAL calibration to 0.| %.
* HCAL calibration to 0.5 %.
* Luminosity determination to | %.

* Total wall plug power < 100 MW.
* Compatible with synchronous LHC operation.
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LH.C The LHeC:

oLHeC@CERN — ep/eA experiment using p/A from the LHC:
Eo,=7 TeV, Epp=2.75 TeV/nucleon, and possibly from the FCC (FCC-
he): E,=50 TeV, Ep,=19.7 TeV/nucleon.

® New e*/e accelerator: Ecm~1-2 (3-5) TeV (E<=50-150 GeV).

° Req*uu*d Requirements LHeC HERA How?
Lt
high lumi for high x| | 33 ) 3] :
*A(I and Q2 |-10%10 |-5x10 ER technique EVz,
non large acceptance | |-179 deg. | 7-177 deg. | kinematic coverage
*Tr
* EN tracking 0.1 mrad | 0.2-1 mrad modern Si
>k . .
H EMcal 0.1% | 02:05% kinematic
* L reconstruction
* Td Hcal 0.5 % | % tracking + calo e/h
* C accurate lumi/pol 0.5 % | % demanding
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LH.C The LHeC:

oLHeC@CERN — ep/eA experiment using p/A from the LHC:

Eo,=7 TeV, Epp=2.75 TeV/nucleon, and possibly from the FCC (FCC-
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LH.0 Power constraints

Luminosky LHeC Ring-Ring

5 L
N L
: § s
and design : RR option
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B 35}
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e~ (e™) polarisation [%)] 40 (40) 90 (0) i
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W |t emittance at IP ~e; | [ mm] | 0.58, 0.29 0.05 L Te—
GL) IP 3 function 37 , [m] 0.4, 0.2 0.12
_() | beam current [m-A] | | 131 6.6 % 5
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D proton beam 7 TeV E 3
protons per bunch N,, [10%!] 1.7 1.7 3
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LH.OC Power constraints .
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LH.O ERL:

] Spreader 38m Recombiner 38
® Nominal case: 60+7000.

Injector

Linacl 1008m RF Compensa

F Compensation

N + Doglegs + Doglegs
POSSIbIe to |OW€I” the + Matching 96m + Matching 120m
energy of both beams (e.g.

Arcl,3,5 3142m Arc2,4,6 3142m

for FL).

e | ab’! in ten years within
reach.

Recombiner 38m Dump

+ Matching 20m  Spreader 38m ’ Bypass

Linac2 1008m IP Line 196m
Post CDR -« CDR
1034 cm? s Luminosity reach PROTONS ELECTRONS PROTONS ELECTRONS
7000 of 7000 »
Luminosity [10*3cm™2s] 16 16 I 1 1
Normalized emittance vg, , [um] 2.5 20 I 3.75 50

rms Beam size 0%, [um] 4 4 I 7 7

80 a0 | 70 58

rms Beam divergence o’ *

1112 25 | 430(860) 6.6
- =
2.2*101 a100 ] 17710t (14107 2%10°
35 0.64 |} 27 (0.16)0.32
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LH.O ERL:

] Spreader 38m Recombiner 38
® Nominal case: 60+7000.

F Compensation

N + Doglegs + Doglegs
POSSIbIe to |OW€I” the + Matching 96m + Matching 120m
energy of both beams (e.g.

Arcl,3,5 3142m Arc2,4,6 3142m

for FL).

e | ab’!' in ten years within Dump

Linacl 1008m RF Compensa

Recombiner 38m
+ Matching 20m  Spreader 38m ’ Bypass

Injector

reaCh' Linac2 1008m IP Line 196m
Post CDR -« CDR
1034 cm? s Luminosity reach PROTONS ELECTRONS PROTONS ELECTRONS
Beam Energy [GeV] 7000 60 [} 7000 60
Luminosity [10*3cm™2s] 16 16 I 1 1
Normalized emittance vg, , [um] 2.5 20 I 3.75 50
rms Beam size 0%, [um] 4 4 I 7 7

rms Beam divergence ¢ * o1 S 1
' 0 x 10°* em™“s™
Beam Current [mA] 1112 L.y =
_ 1.6 x 10%2 cm—2s~1

Bunch Spacing [ns] 25 - —

(Nominal Pb)
(Ultimate Pb)

Bunch Population 2.2*1011 4*10° I 1.7*101 (1*10°) 2*10°
Bunch charge [nC] 35 0.64 I 27 (0.16) 0.32
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LH.O ERL:

Spreader 38m
® Nominal case: 60+7000.

Possible to lower the
energy of both beams (e.g.

for FL).

F Compensation
+ Doglegs
+ Matching 96m

Arcl,3,5 3142m

Linacl 1008m RF Compensa

Recombiner 38 Injector

+ Doglegs
+ Matching 120m

Arc2,4,6 3142m

e | ab’! in ten years within Recombiner 38m PP & pass
+ Matching 20m  Spreader 38m ’ L

reach. Linac2 1008m IP Line 196m

Post CDR -« CDR

1034 cm? s Luminosity reach PROTONS ELECTRONS PROTONS ELECTRONS

7000 of 7000 »

1 " 1

Normalized emittance vg, , [um] 2.5 20 I 3.75 50

0.5 010 01 0.12

; Y ;

rms Beam divergence o’ *

X,
Beam Current [mA] 1112 L.y = {

9 x 10! em™2s~!  (Nominal Pb)
1.6 x 10*2 cm~2s~! (Ultimate Pb)

Bunch Spacing [ns] 25

] * 11
Bunch Population 2.2*10 ED:
=

Bunch charge [nC] 35

LeN=ALeA>~3 X I 03 |
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LH.O Some details:

Return arcs (A. Milanese) IR: crucial point for updated CDR
0176 T
40 GeV

® SC RF: HL-LHC bunch spacing requires bunch spacing with
multiples of 25 ns (40.079 MHz).

® Choice of 802 MHz for optimisation and synergies with FCC,

CERN-]Lab cooperation: two cavities to be built in 2016.
N.Armesto, 09.01.2016. - LHeC status and plans: 2. Accelerator. )



Footprint:

Civil Engineering
‘# Different Options
¢ Fraction 1/3-1/4-1/5
Pt2 and Pt8

; A p ’ ¥,
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Footprint:

LHeC construction
planning

B Environmental Imp act
Study

| Detailed design &
%l tendering

Civil Engineering
Different Options
Fraction 1/3-1/4-1/5
Pt2 and Pt8




Footprint:

LHeC construction
T planning
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LH.O FCC:

Future Circular Collider Study - SCOPE
CDR and cost review for the next ESU (2018)

Forming an international
collaboration to study:

« pp-collider (FCC-hh)
- defining infrastructure

requirements

~16 T = 100 TeV ppin 100 km
~20 T = 100 TeV ppin 80 km

|

: Schematic of an
. e*e collider (FCC-ee) as B ong tunnel

potential intermediate step |
120-350 GeV _

« p-e (FCC-he) option
« 80-100 km infrastructure
In Geneva area

Future Circular Collider Study
Michael Benedikt
> FCC Kick-Off 2014

N.Armesto, 09.01.2016. - LHeC status and plans: 2. Accelerator. .



LH.O FCC:

Future Circular Collider Study - SCOPE
CDR and cost review for the next ESU (2018)

Forming an international + I 4
collaboration to study: \R *90_. a1
« pp-collider (FCC-hh) coco/m w &

o

- defining infrastructure
requirements

pp: /s=100TeV
~16 T= 100 TeV pp in 100 km PbPb: \/S=394 TeV/nucleon
~20 T =100 TeV ppin 80 km pPb: v/s=62.8 TeV/nucleon

- et*e collider (FCC-ee€) as 2 ong tunnel 3
potential intermediate step A Ay
120-350 GeV . . ’

« p-e (FCC-he) option ‘\ R

« 80-100 km infrastructure g ¥uu®
in Geneva area ‘alaz

Future Circular Collider Study
Michael Benedikt
> FCC Kick-Off 2014
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e PERLE: ambitious design (2% 150 MeV linacs, 3 passes — 900 MeV),
significant physics potential of its own (10*°cm™2 s°! fixed target):
EWV physics, proton radius, photonuclear physics, dark photons ... +
accelerator development, magnet test, LHeC prototype/injector.

® Conceptual Design Report by spring 2016, under consideration a
low energy but high current demonstrator with 3 passes.

ARC 2 150 MeV

ARC 4 305 MeV
- - o —
)ARC5380 MeV
o e

N.Armesto, 09.01.2016. - LHeC status and plans: 2. Accelerator. 12
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LH.O Kinematics:

LHeC - Low x Kinematics LHeC - High Q° Kinematics

102 L E=7000 Gev 10°F  E£=7000 Gev

E.=60 GeV
E.=60 GeV

B HERA

10 }

® Small-x demands | degree acceptance. This gets worse with

increasing electron energy.
e Higher luminosity would benefit high-x and Q? studies: linked to

small x via DGLAP evolution (see HERA final analysis).
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LH.O Kinematics:

LHeC - Low x Kinematics r¢>" 10° e [muclear DIS - F00
8 E Proposed facilibes:
g 10°E [ | tHeC
) - | [ eRHiC
107 | E,=7000 GeV B Fixed-target data:
- 10 |/ . NMC
E,=60 GeV = Pt E772
B l: E138
== HERA 10°E e-Pb (LHeC)
10 L - (70 GeV - 25 TeV)
10°F
- Q) (Au, b=0jm)
10
1 F - . ; /
| perturbative 7 .
1E s e
—non-perturbative __f;i""
-1 1 0.1 ? ./"T/_, "}'
10 _llllllll | llllllll 1 11 'll”""'{"l lllllll || lllllll || lllllll I |

10°*  10°® 10* 10° 102 10 x1

® Small-x demands | degree acceptance. This gets worse with
increasing electron energy.

e Higher luminosity would benefit high-x and Q? studies: linked to

small x via DGLAP evolution (see HERA final analysis).
N.Armesto, 09.01.2016. - LHeC status and plans: 3. Detector. 14

DEnterria arXiv0707.4182



LHeC detector:

All Numbers [cm]

= 278

Solenoid « o1

Central” + Bwd * 8

Tracker — p/A
Tracker

® Taggers at -62m (e),100m (Y, LR), +100m (n), +420m (p).
® Present size < |4m x 9Im (CMS 21m x 15m,ATLAS 45m x 25m).
® Developed in DD4HEP.
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LHeC detector:

All Numbers [cm]

Solenoid

= 278

ei—)

Fwd Central Bwd
Tracker Tracker

Tracker

Central Pixel Tracker - CPT
4 double-layers
min-inner-R =4.51 cm
max-inner-R = 17.13 cm
Ziength = £50cm

Backward Silicon Tracker - BST
5x(double layers pix / strix)
min-inner-R= 4.3 cm;

Central Silicon Tracker - CST
5x(double-layers)

1. layer: inner R=25.1 cm

2. layer: =30.0cm max-inner-R=16.2 cm
3. layer: =349 cm max-outer R = 45.1 cm
4. layer: =39.9cm Planes 1-5:

Path of services for all tracking.
The detector services (shown in
dark orange) shall be integrated
into support str h
possible. Optimum of costs and
detector acceptance. Design of
services and infrastructure crucial
for material budget.

5. layer: =447 cm _ 1.5 = -67./-87./-132./-172./-202. cm

"R), +100m (n), +420m (p).
52Im x I5m,ATLAS 45m x 25m).

Forward Silicon Tracker - FST
7x(double layer pix/ strix)
min-inner-R= 4.3 cm;
max-inner-R=16.2 cm
max-outer R =45.1 cm

Planes 1-7:
217=67./87./142./230./292./332./372. cm
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LHeC detector:

1316 All Numbers [cm]

B R . sesesasens . TTYTYN veseseses sesasas e e 438

= 278

Solenoid « 91

Fwd Central Bwd

e+ —— Tracker Tracker — p/A
Tracker

Central Silicon Tracker - CST Backward Silicon Tracker - BST
5x(double-layers) 5x(double layers pix / strix)

1. layer: inner R=25.1 cm min-inner-R= 4.3 cm;

2. layer: =30.0cm max-inner-R=16.2 cm

3. layer: =349 cm max-outer R = 45.1 cm

4. layer: =39.9cm Planes 1-5:

5. layer: =447 cm _ 1.5 = -67./-87./-132./-172./-202. cm

Central Pixel Tracker - CPT
4 double-layers
min-inner-R =4.51 cm
max-inner-R = 17.13 cm
Ziength = £50cm

Forward Silicon Tracker - FST

7x(double layer pix/ strix)

min-inner-R= 4.3 cm;

max-inner-R=16.2 cm

max-outer R =45.1 cm

Planes 1-7:
217=67./87./142./230./292./332./372. cm

Path of services for all tracking.
The detector services (shown in
dark orange) shall be integrated
into h
possible. Optimum of costs and
detector acceptance. Design of
services and infrastructure crucial
for material budget.
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LHeC detector:

LHeC INSTALLATION SCHEDULE B

ACTIVITY Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

DETECTOR CONTRUCTION ON SITE TO ;
START BEFORE LHC LONG SHUT-DOWN 5

LHC LONG SHUTDOWN START (T0)
COIL COMMISSIONING ON SURFACE
ACTUAL DETECTOR DISMANTLING
PREPARATION FOR LOWERING
LOWERING TO CAVERN
HCAL MODULES & CRYOSTAT
CABLES & SERVICES

— BARREL MUON CHAMBERS
ENDCAPS MUON CHAMBERS
TRACKER & CALORIMETER PLUGS
BEAMPIPE & MACHINE
DETECTOR CHECK-OUT
LHC LONG SHUTDOWN END (T0+24m)

Central Silicon Tracker - CST Backward Silicon Tracker - BST

Central Pixel Tracker - CPT 5x(double-layers) 5x(double layers pix / strix)

4 double-layers 1. layer: inner R=25.1 cm min-inner-R= 4.3 cm;
min-inner-R =4.51 cm 2. layer: =30.0cm max-inner-R=16.2 cm
max-inner-R=17.13 cm 3. layer: =349 cm max-outer R =45.1 cm
Ziength = £50cm 4. layer: =39.9cm Planes 1-5:

5. layer: =447 cm _ z1.5=-67./-87./-132./-172./ -202. cm

Path of services for all tracking.
The detector services (shown in
dark orange) shall be integrated
into support structures whenever
possible. Optimum of costs and
detector acceptance. Design of
services and infrastructure crucial
for material budget.

Forward Silicon Tracker - FST

7x(double layer pix/ strix)

min-inner-R= 4.3 cm;

max-inner-R=16.2 cm

max-outer R =45.1 cm

Planes 1-7:
217=67./87./142./230./292./332./372. cm

- —
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LH.0 FCC-he detector:

1927 All Numbers [cm]
< 600
Muon Detector
« 283
Solenoid
Solenoid Dipole « 154
Central : « 46
— p/A

Fwd Tracker Tracker Bwd-Tracker

® Size scales ~2 in forward, ~1.3 in backward.

® Preliminary version, size and cost of huge magnets (H—=HH) are

the limiting factors.
N.Armesto, 09.01.2016. - LHeC status and plans: 3. Detector. 6



LH.0 FCC-he detector:

1920 All Numbers [cm]

Outer Solenoid < 554

Muon Detector

Inner Solenoid «— 384

- 138
—38 p/A

® Size scales ~2 in forward, ~1.3 in backward.

® Preliminary version, size and cost of huge magnets (H—=HH) are

the limiting factors.
N.Armesto, 09.01.2016. - LHeC status and plans: 3. Detector. 6



LH.O Contents:

l. Introduction.
2.Accelerator.
3. Detector.

4. Physics case (some highlights):
=» Precision QCD.
=» Top and EWV.
=» Higgs.
-> BSM.
=» Small x and eA.

5. Organisation and plans.

CDR:1206.2913; 1211.4831; 1211.5102; Bruning & Klein,|305.2090;
Klein & Schopper, CERN Courier, June 2014;
Newman & Stasto, Nature Physics 9 (2013) 448;

2015 LHeC Workshop http://indico.cern.ch/event/356714/.
N.Armesto, 09.01.2016. - LHeC status and plans.



LH.0

Beyond Standard Model

Leptoquarks
Contact Interactions
Excited Fermions
Higgs in MSSM
Heavy Leptons
4th generation quarks
7
SUSY
”m

Summary:

QCD and EW precision physics
I — T ———
Structure functions
Quark distributions from direct measurements
Strong coupling constant to high accuracy
Higgs in SM
Gluon distribution in extended x range to
unprecedented accuracy
Single top and anti-top production
Electroweak couplings
Heavy quark fragmentation functions
Heavy flavor production with high accuracy
Jets and QCD in photoproduction
Partonic structure of the photon

N.Armesto, 09.01.2016. - LHeC status and plans: 4. Physics case.

A. Stasto

Small x and high parton
densities

New regime at low x
Saturation
Diffraction

Vector Mesons
Deeply Virtual Compoton
Scattering
Forward jets and parton
dynamics
DIS on nuclei
Generalized/unintegrated
parton distribution functions

e — |
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Summary:
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= Fixed Target Experiments: :
3 - ] NMC . Large x
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= E 1 Eees recision Higes
. : QCD &
o - [ sLAC Boson
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© - Physics
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PDFs:

proton PDFs, today g

nnnnn
.....

Gluon-Gluon, luminosity _
1.3 i R T T T T T 1T T T : 7

NNLO PDFs, 68% CL

Gonors tod whb APFEL 240 Wab

current: 13TeV

S0 0 w, (V) 10*
Quark-Quark, luminosity

| 100TeV

Generated with APFEL 3.0.0 Web

At
TELLE

ITIISIIBTEC ST ..-.-‘.‘.‘:::i:..;nu.u’f;‘a:-
Ourossted wih APFEL 240 Wed

0.8 1 Lol 1 Lol
10° . (Gev] 10°

* need to know PDFs much better than today, for:
nucleon structure; q-g dynamics; Higgs; BSM searches;

future colliders, FCC-hh; and development of QCD g
* LHC will provide further constraints, but cannot s
resolve precisely (shown are latest global PDFs, also 3
including available LHC data)
= C. Gwenlan, PDFs and QCD at the LHeC 0
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LH-C
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FCC-eh: Ep=50 TeV, Ee=100 GeV
NC and CC: e-p, P=80%, 1000 fb-!

stat: 0.1 — 30%, uncor: 0.7%, syst: 1 — 5%

coverage down to x=2x107, up to Q? = 107 GeV?

LHeC F,« (RAPGAPMC,7 TeV x 100 GeV, 10 m, £=0.1)

PDFs:
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H DFs:
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15 152 154 156 158 16 16.2
logo(Q/GeV)

projected as uncert. from LHeC+HERA incl. DIS

o 25.8
LH-C Xs:
256 |
L ® | east known of ]|
T-decays O ) '
Lattice o all COUPIlng 252 |
DIS —0— |
ete” annihilation ~+—OT— constants. T
Z pole fits 10— ® 0.1 % requires  #?|
" | ....|...I.I.. aalaaas
o1 012 013 N3LO, Am~5 MeV. **°
(xs (MZ) Bl current &s uncertainty
Snowmass13 report — arXiv:1310.5189
Method Current relative precision Future relative precision

ete” evt shapes

expt ~ 1% (LEP)
thry ~ 1-3% (NNLO+up to N°LL, n.p. signif.) [27]

< 1% possible (ILC/TLEP)
~ 1% (control n.p. via Q>-dep.)

-

e e jet rates

expt ~ 2% (LEP)
thry ~ 1% (NNLO, n.p. moderate) [28]

expt ~ 3% (Rz, LEP)

< 1% possible (ILC/TLEP)
~ 0.5% (NLL missing
0.1% (TLEP [10]), 0.5% (ILC [11])

precision EW ] per mille
thry ~ 0.5% (N3LO, n.p. small) [9,29] | ~ 0.3% (NLO feasible, ~ 10 yrs)
B expt ~ 0.5% (LEP, B-factories) < 0.2% possible (ILC/TLEP)
thry ~ 2% (N°LO, n.p. small) 8] | ~ 1% (NLO feasible, ~ 10 yrs
— 199 0 .
ep colliders 1-2% (pdf fit dependent) (30,31], | 0.1% (LHeC + HERA [23]) | per m ille
(mostly theory, NNLO) [32,33] | ~ 0.5% (at least N*LO required)
~J 0 1 ~J 1
hadron colliders 4% (.Tev. jets), _3% (LHC tt) < 1% Chf':lllel%glng.
(NLO jets, NNLO t¢, gluon uncert.) [17,21,34] | (NNLO jets imminent [22])
Lt ~ 0.5% (Wilson loops, correlators, ...) ~ 0.3%
attice
(limited by accuracy of pert. th.) [35-37] | (~ 5 yrs [38])
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LH C (Xs: 25.8 ——

?
25.6 £
| I A
<.

combined fit to PDFaros using LHeC data o oo MTand ZECS ]

5 - T T T T T
¢ ~ E [ NLO

¥ — P . e ﬁnhuhe+cmu-r+yxdnmmgﬂf=3scwv’

4 500 o ~' 40 O inclusive + charm + jet data, Q,, = 10 GeV’

4 ~ 0.3% precision from LHeC [ 4 inclusive + charm + jet data, Q,, = 20 GeV’

20 [

f 4m =

| htemp ok 1 . 1 . 1 . . ,
) 200 Entries 8 0.105 0.11 0.115 0.12 0.125
/| . Mean 0.118 g [ ' ' ' ' ' ' : ' '
b | . @ B !
b il 0.0004308 ) o ot dtn ot G2 - 35 GeV
200 |— LA : o' WF o nnnuhedmaonu;qéh==1ocknﬂ
¥ R | A inclusive data only, Q.= 20 GeV’

5 : 20

100|— !

\ X 0115

‘. A A A 1 A A A l A I l A A A l A A A -
£ 09174 0.1176 0.1178 0.118 0.1182 0.1184 0.1186

alphas

M Klein, V Radescu — NC.CC
| — NC,CC+F2c

LHeC could resolve a > 30-year old puzzle:

s consistent in inclusive DIS, versus jets?

expected 0.1% precision when combined with HERA | _ _ )

| =1 (limited by accuracy of pert. th.)
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LH.C  Top and EVV physics:

High precision measurements of Vtb

CMS Preliminary IthI Summary

August 2014

CMS tW, 7 TeV, 4.9 fb", PRL110 (2013) 02203

UL I L L I L I L l L ] L I L

F

1.010 * 2% (exp) * 2050 (th)

0.130

CMS tW, 8 TeV, 12.2fb", PRL 112 (2014) 231802

1.030 + 0.120(exp) + 0.040(th)

CMS tch., 7 TeV, 1.17/1.56 fb", JHEP12 (2012) 035

1.029 + 0.046(exp) + 0.017(th)

CMS tch., 8 TeV, 19.7 fb”', JHEP06 (2014) 090 " o

0.979 + 0.045(exp) + 0.016(th)

CMS t-ch., 7 and 8 TeV combined, JHEP06 (2014) 090

LHeC, 100 fb-!
1.000 = 0.005 (expected)

0.998 + 0.038(exp) + 0.016(th) ' ?

1 1 1 I l 1 1 1 I I 1 1 I 1 l 1 I 1 Il l 1 1 Il 1 !

1 1 1 1 l 1 I 1 1

0.5 0.6 0.7 0.8 09
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LH.C  Top and EVV physics:

0.2 1'3 | lllllll | -I'I'ﬂll | 'I'H'rll ™71 y
I _ .
Hsin2Bw Qu(e)  NuTeV  FCChe :

0.24 |- I I _'

Qu (APV) [HeC
Jl@

LEP1A4 Tevatron

'| LHeC(FCC-eh) & _
0.23 | - Energy range 10-400(2000) GeV = ¢/ I ATLAS -
' - Sensitivity from: :
- - Ay at high Q? aMS
0.295 |- - oNC/oCC at lower Q? -
00001 0001 00T 01 e M 000 10000
Q [GeV]
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LH.C Higgs at the LHeC:

, S
2 1 S
g % 100 0™ g \C low @ bo
TR | [l CC jj
80— Jf B CC
- + oy ptf |
60—
: P.=-0.8
40~
20
€p collider €p colider ) i A i e e " T R T ]
% 60 80 100 120 140 160 180 200
Higgs m e p CC - LHeC | NC - LHeC | CC - FHeC M,, [GeV]
Polarisation -0.8 -0.8 -0.8
Luminosity [ab—!] 1 1 5 ® "
Cross Section [fb] 196 25 850 (VBF) Cross section
Decay __ BrFraction Nc N Née | comparable to that at the
H—b 0577 113 100 13900 | 2 450 000
H—ce  0.029 5 700 700 123 000 ILC, clear separation of
H—777 0.0063 12 350 370 000
H—pp  0.00022 50 1 000 WWH and ZZH.
H-—4  0.00013 30 550
H—212v  0.0106 2 080 45 000
H—gg 0086 16 850 365 000 .
H—WW 0215 42 100 915 000 e No pileup (0.1 at |O34),
H—ZZ  0.0264 5 200 110 000
H—~yy 000228 450 10 000 S/B~1.
H—Zy  0.00154 300 6 500
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Higgs in e p
Polarisation
Luminosity [ab—!]
Cross Section [fb]
Decay  BrFractio
H — bb 0.577
H — ce 0.029
H— 7t 0.063
H — pup 0.0002
H — 4l 0.0001
H —212v  0.0106
H — gqg 0.086
H—-WW 0.215
H—ZZ 0.0264
H — vy 0.0022;
H — Z~ 0.0015

Ratio to SM

I IlIIII

T T

[ IIIIII|

ATLAS Slmulatlon Prellmlnary
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BR, =0
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”
-
-
-
-
L4
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Work in progress
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LH.C Higgs at the LHeC.:

- CCh—bb
Bl CCZ-j
¢ T~ B8 NC low Q” bbj
8 . 8 CC jj
B Cct
. H yptt .
S P.=-0.8
e d
160 180 200
Higgs in e p - M, [GeV]
Polarisation
Luminosity [ab—!] Oon
Cross Section [fb] . € e
282};95 Bngaf:;i; ® FCC'h’e at the
5
H-c 0029 HH—4b’s, K h n of
H r— 0.063
H :Z#T 0.0002 O-~0.0 I '0.04 fb. !
H — 4l 0.0001
H —2012v  0.0106
H — gq 0.086 \\
H—-ww 0215 1 1509.04016 “h | 034)
H—ZZ 0.0264 ) ’
H — vy 0.0022;
H — Zy 0.0015 q d
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LH.O  Higgs at the HL-LHC:

NNLO pp—=Higgs Cross Sections at 14 TeV

Cw ® s and PDFs dominate the uncertainties
5 o "= | | oN the cross section e.g. Axs=0.005
. means |0 % for the cross section.
O | o TS v | ® Sensitivity to the Higgs mass cannot be
R [%ggggz achieved due to these reasons.
who TR arias smulaton Preiminary ATLAS Simutaton Prelminary

\s = 14 TeV: [Lat-300 1o ; JLat-3000 " \s = 14 TeV: |Ldt-300 o' ; [Ldt-3000 b

H—yy (comb) @ | | | oy oo F I
® The LHeC would turn *Z“™E
HL_LHC into a H— WW (comb.)

11 M . Z (incl.
precision Higgs machine. " ™

H »2ZZ (comb.)

H— WW (comb.) H

H—- Zy {incl.)

bb and cc so far only worked on !

H— bp (comb.) H— bB (comb.)

H—tt (VBF-like) Heyer (VBF-iike)

H-up (comb)

H-up  (comb.)

. X ! L
0 02 04
AW oo o' 0.2 04
A
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e - ® Present LHC constraints
® FCNC: new physics models on scale of qqll CI: 15 — 26 TeV

(SUSY,TClittle H, ED,...) predict
BR=O(10~) accesible @ LHeC. (10 @14 TeV).

sensitive search for FCNC couplings 300 Tev
. 95% C.L. 150
TN ZEUS Reach for Feche £CC-he
>3 S UTRTUENY SO be T L A (Cl eeqq):
— " CDF e, Do
: a7 7
: 77 vV LL
107 &= @; 2.1 fp1,7 TeV . Py ///Iﬁ 200
= : Y 100
. 5fb1,7 TeV + : % & LHeC >
B 20 fb-1, 8 TeV j & LHeC >
L V. %
ATLAS: 300 fb!; 7
102 - (.0 Vs=14TeV % i _
: ,,’{: 7 - :, - -
N . : 7 :
i 100 fb-1 500 fb-" § % | S | =
Vs= 250 GeV % A
10-3 1 L1 [ | ll L LLil1 || : IR S
10‘3 1 0'2 10-1 I I T 00 Gav O NERA ooy s0Gey
Ky
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LH-C

Small-x: inclusive

r
i Linear approaches 1.4 -
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LH-C

Small-x: inclusive

’r Pseudo-data from AAMSO09 (BK + running coupling)
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® NLO DGLAP cannot simultaneously accommodate LHeC F;
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current models. Two observables required (F2-Fac?).
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Small-x: diffract

X (M,)

from LRG selection ..

® LHeC.E_=50GeV

s HERA

ETEATEEN ESRTEE B |

T25 2 15 1

log,  (Xpp)

® Large increase in
the M2, xp=(M2-t

+Q2)/(W2+Q?), B=x/

Xp region studied.
® Possibility to
combine LRG and
LPS.

Diffractive Kinematics at X,p=0.01

Events

Current HERA Data

1'% [ ]LHeC E_ = 20 GeV

- []LHeC E_ = 50 GeV
[ILHeC E_ = 150 GeV

Q?/ GeV?

lve

i ) ) . 2 2
10 “= Diffractive event yield (x; <0.05,Q" > 1 GeV")

E.- 1
o ‘,+ ® LHeC (E,=50GeV,2 b))

*e, e HERA (500 pb™)

L * _._-0-_._

6 * -
10 ; - -.-0-_.__._

: . .y

i e

5 . e
10 E E 2

- - -.-0-

B @
104 -
103

C | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ +

0 50 100 150 200 250

M, / GeV
Diffractive Kinematics at x,=0.0001
~ 107
>
8 Current HERA Data
-~ o _
Y 'LHeCE,=20GeV
| LHeCE,=50GeV ~
10 & . . . i
LHeCE, =150GeV -
1 3 - —
’” g -'/- ’ o
vy S 5
10 r

26



LH.C Small-x: diffractive
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Small-x: diffractive
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LH.O DVCS:

® Exclusive processes give information €
about GPDs, whose Fourier transform
gives a transverse scan of the hadron:
DVCS sensitive to the singlet.

e Sensitive to dynamics e.g. non-linear P 5 P’
—
effects.
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LH.0

® Large impact on nPDFs, | ¢
possible to make a Pb fit
without proton PDFs!!!

® Large room for
improvements: NC+CC at
several energies, flavour ol
decomposition,...
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LH.O eA: inclusive
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eA: inclusive
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eA: diffractive
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LH-C

The LHeC:

J.L.Abelleira Fernandez'%?3, C.Adolphsen®”, A.N.Akay"?, H.Aksakal®*?, J.L.Albacete®2, S.Alekhin!"-%4,
P.Allport?*, V.Andreev®*, R.B.Appleby!*3? E.Arikan®’, N.Armesto®3%, G.Azuelos®3:%4

M.Bai®", D.Barber!#:17:24_J Bartels'®, O.Behnke!”, J.Behr'”, A.S.Belyaev!®%¢ 1.Ben-Zvi®",
N.Bernard?®, S.Bertolucci'®, S.Bettoni'®, S.Biswal*!, J.Bliimlein'”, H.Béttcher!?, A.Bogacz®®,
C.Bracco'®, G.Brandt**, H.Braun®®, S.Brodsky®”:?, O Briining'®, E.Bulyak'2?, A .Buniatyan'!”,
H.Burkhardt'®, I.T.Cakir”?, O.Cakir®!, R.Calaga'®, V.Cetinkaya®!, E.Ciapala'®, R.Ciftci’!,

A K. Ciftei®!, B.A.Cole®®, J.C.Collins*®, O.Dadoun*?, J.Dainton?*, A.De.Roeck!'®, D.d’Enterria'®,
A.Dudarev'®, A.Eide®®, R.Enberg®, E.Eroglu®?, K.J.Eskola?!, L.Favart’®, M.Fitterer'®,
S.Forte®?, A.Gaddi'®, P.Gambino®?, H.Garcia Morales'®, T.Gehrmann®?, P.Gladkikh'2, C.Glasman?®,
R.Godbole*, B.Goddard!®, T.Greenshaw?*, A.Guffanti'®, V.Guzey'?*¢, C.Gwenlan**, T.Han%°,
Y.Hao®", F.Haug'®, W.Herr'®, A Hervé®”, B.J.Holzer!'®, M.Ishitsuka®®, M.Jacquet*?, B.Jeanneret !,
J.M.Jimenez'®, J.M.Jowett'®, H.Jung'”, H.Karadeniz”?, D.Kayran®”, A Kilic®?, K.Kimura®®,
M.Klein?*, U.Klein?*, T.Kluge?*, F.Kocak®?, M.Korostelev?*, A.Kosmicki'®, P.Kostka!”,
H.Kowalski'?, G.Kramer'®, D.Kuchler'®, M.Kuze®®, T.Lappi?!:¢, P.Laycock?!, E.Levichev*®,
S.Levonian'”, V.N.Litvinenko®’, A.Lombardi'®, J.Maeda®®, C.Marquet !¢, B.Mellado?”, K.H.Mess',
A .Milanese'®, S.Moch!'”, LI.Morozov*®, Y.Muttoni'®, S.Myers!®, S.Nandi®®*, Z.Nergiz?,
P.R.Newman®, T.Omori®!, J.Osborne'®, E.Paoloni*®, Y.Papaphilippou!®, C.Pascaud*?,
H.Paukkunen®®, E.Perez'®, T.Pieloni®®, E.Pilicer®?, B.Pire*®, R.Placakyte!”, A.Polini’”,
V.Ptitsyn®”, Y.Pupkov*’, V.Radescu!”, S.Raychaudhuri®®, L.Rinolfi'®, R.Rohini®*®, J.Rojo!6-3!,
S.Russenschuck!®, M.Sahin®®, C.A.Salgado®*¢, K.Sampei®®, R.Sassot??, E.Sauvan®*, U.Schneekloth!”,
T.Schérner-Sadenius'”, D.Schulte'®, A.Senol??, A.Seryi**, P.Sievers'®, A.N.Skrinsky*®, W.Smith?",
H.Spiesberger??, A.M.Stasto*®9, M.Strikman*®, M.Sullivan®7, S.Sultansoy’®¢, Y.P.Sun®",
B.Surrow!!, L.Szymanowski®®:/, P.Taels?®, I.Tapan®?, T.Tasci??, E.Tassi!?, H.Ten.Kate'®,
J.Terron®®, H.Thiesen'®, L.Thompson!*3° K.Tokushuku®', R.Tom4s Garcia'®, D.Tommasini'®,
D.Trbojevie®”, N.Tsoupas®”, J. Tuckmantel'®, S.Turkoz?!, T.N.Trinh*?, K. Tywoniuk®®, G.Unel?°,
J.Urakawa®!, P.VanMechelen, A Variola®?, R.Veness'®, A.Vivoli'®, P.Vobly*°, J.Wagner®®,
R.Wallny®®, S.Wallon*3:46:f G . Watt'®, C.Weiss®*®, U.A.Wiedemann'®, U.Wienands®’, F.Willeke®",
B.-W .Xiao*®, V.Yakimenko®”, A.F.Zarnecki®”, Z.Zhang*?, F.Zimmermann'®, R.Zlebcik®!,
F.Zomer*?
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LH.C The LHeC:

Coordination Group Referees for Design Report
Gianluigi Arduini

fﬁ_ing Ring Design N\
Nestor Armesto Kurt fTuebner (CERN)
i ni Alexander N. Skrinsky (INP Novosibirsk)
Oliver Brunlng Ferdinand Willeke (BNL)
Stefano Forte Linac Ring Design
. Reinhard Brinkmann (DESY)
Andrea Gaddi Andy Wolski (Cockeroft)
Erk Jensen Kaoru Yokoya (KEK)
Energy Recovery
Max Klein Georg Hoffstaetter (Cornell)
Ilan Ben Zvi (BNL)
Peter Kostka e

Neil Marks (Cockcroft)

Bruce Mellado Martin Wilson (CERN)

Paul Newman Interaction Region
) Daniel Pitzl (DESY)
Daniel Schulte Mike Sullivan (SLAC)

Detector Design
Philippe Bloch (CERN)
Roland Horisberger (PSI)

Frank Zimmermann

Physics Groups + Convenors é‘;fj;‘rfa‘f;;;‘?‘é%é‘;‘;’“tmctm’e
PDFs, QCD  Fred Olness, Voica Radescu New Physics at Large Scales
. N . Cristinel Diaconu (IN2P3 Marseille)
Higgs Uta Klein, Masahiro Khuze Gian Giudice (CERN)
BSM Georges Azuelos, Monica D’Onofrio e
Top Olaf Behnke, Christian Schwanenberger |Guido Altarelli (Roma)
_ Vladimir Chekelian (MPI Munich)

Nuclei Nestor Armesto Alan Martin (Durham)

Physics at High Parton Densities
Small x Paul Newman, Anna Stasto Alfred Mueller (Columbia)

Raju Venugopalan (BNL)

Q/Iichele Arneodo (INFN Torino) )
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LH.C Tentative plans:

International Advisory Committee + Mandate

The IAC was invited in 12/13 by the DG with the following
Guido Altarelli (Rome)

Sergio Bertolucci (CERN) Mandate 2014-2017

Nichola Bianchi (Frascati)

Frederick Bordry (CERN) Advice to the LHeC Coordination Group and the CERN directorate
Stan Brodsky (SLAC) by following the development of options of an ep/eA

Hesheng Chen (IHEP Beijing) collider at the LHC and at FCC, especially with:

Andrew Hutton (Jefferson Lab) Provision of scientific and technical direction for the physics

Young-Kee Kim (Chicago) potential of the ep/eA collider, both at LHC and at
Victor A Matveev (JINR Dubna) FCC, as a function of the machine parameters and of a
Shin-Ichi Kurokawa (Tsukuba) realistic detector design, as well as for the design and
Leandro Nisati (Rome) possible approval of an ERL test facility at CERN.

Leonid Rivkin (Lausanne)
Herwig Schopper (CERN) — Chair Assistance in building the international case for the accelerator

urBen Schulrart CEAY) fastructure and science palcy sspects of the ep/eh collder.
Achille Stocchi (LAL Orsay) policy asp P -

John Womersley (STFC)
( FCC )
hh e he

IAC Composition June 2014, plus LH («
./

Oliver Brining Max Klein ex officio

Max Klein ICFA Beijing 10/2014
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LH:O Tentative plans:

—dniernablonal Advisorv L aommittee £ Mandate,.

Lo Update of the CDR for 20I7 ready for the next European
Strategy of Particle Physics in 2018: |
. =» Update of physics case in view of LHC findings.

=» ERL test facility.

=¥ Accelerator: IR.

=¥ Detector.

10 Ongoing discussions with the new CERN management. Next |
workshop around September 201 6. ‘

‘ Any decision pending on LHC findings in Run Il.

{o  In current schedule LHC expected to operate unt|I 2037

* \J

Max Klein ICFA Beijing 10/2014
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-
s
O

Q2 / GeV*
S

10

r-momentum transfer squared
[—
-

10

Non-linear_
domain of Q(

physics

relevant foy

LH-C

Summarising: Direct
ey PDEs for hh s, /7 N\ BN
6 f_ LHeC Experiment:  €UIN the HL-LHC RPVE USY. L. SeaI‘CheS
- i 1Cl Subgiructure ?
u HERA Experiments: Into pl"eCISIOI‘] ‘
5 __ [ H1 and ZEUS
-~ Fixed Target Experiments: ,
E "] NMC - . La rge :.’
. BCDMS | Elgh _ 1 Gluon
- | Frecision : g 3 |
- [0 E665 locp s H IPghggs S
3[ ] SLAC Flweak £% oson
? % Physics 4
: 3 Nuclear .. %é\nggs
- , /é Structure ?._ facto r)/
= High Density Matter | €
= QGPlasma ‘ ;
LD, :
i I _; <
= vl e vl v ol 1
-7 -6 -5 -4 -3 -2 -1
10 10 10 10 10 10 10 Bjorken X1
http://cern.ch/lhec
32

N.Armesto, 09.01.2016. - LHeC status and plans.


http://cern.ch/lhec

LH-C Summarising: Direct
e erssesosnmesmet PDEs for hh, s, £ \"BM
Many thanks to: {turn the HL-LHC o searches
é Ann(J, Hannu, MGX, |nto Precision Subgiructure ?

Paul,. .. i
. gents: Large :"

= The organisers for the i Large 3

1 " " | Precision . ¢ '
Invitation. locps H gcff; 3

;3 Elweak $<% ”
= You aII’ ,f,'or your e

attention... - = S :
nesascrmnns PG TResaR resemeaee=| Nuclear /_Z\nggs
g - , é Structure %'_' fa.CtO I")’
Non ||ne§ 10 = . | High Density Matter . 7
; \ QGPlasma ¥ \

domain of QCD, _

physics 5

relevant fo¥ HI EF

-7I i —6I e -5I e -4 s —3I o —2I o -1
10 10 10 10 10 10 10 Bjorken x
LH:C http://cern.ch/lhec

N.Armesto, 09.01.2016. - LHeC status and plans.

32


http://cern.ch/lhec

Backup:

N.Armesto, 09.01.2016. - LHeC status and plans.

33



LH.O FCC:

Future Circular Collider Study - SCOPE
CDR and cost review for the next ESU (2018)

Forming an international
collaboration to study:

« pp-collider (FCC-hh)
- defining infrastructure

requirements

~16 T = 100 TeV ppin 100 km
~20 T = 100 TeV ppin 80 km

|

: Schematic of an
. e*e collider (FCC-ee) as B ong tunnel

potential intermediate step |
120-350 GeV _

« p-e (FCC-he) option
« 80-100 km infrastructure
In Geneva area

Future Circular Collider Study
Michael Benedikt
> FCC Kick-Off 2014
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LH.O FCC:

Future Circular Collider Study - SCOPE
CDR and cost review for the next ESU (2018)

Forming an international + I 4
collaboration to study: \R *90_. a1
« pp-collider (FCC-hh) coco/m w &

o

- defining infrastructure
requirements

pp: /s=100TeV
~16 T= 100 TeV pp in 100 km PbPb: \/S=394 TeV/nucleon
~20 T =100 TeV ppin 80 km pPb: v/s=62.8 TeV/nucleon

- et*e collider (FCC-ee€) as 2 ong tunnel 3
potential intermediate step A Ay
120-350 GeV . . ’

« p-e (FCC-he) option ‘\ R

« 80-100 km infrastructure g ¥uu®
in Geneva area ‘alaz

Future Circular Collider Study
Michael Benedikt
> FCC Kick-Off 2014
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LH.C FCC:

93 km option (Lebrun in Washington DC)

Choose alignment option Shaft Depth (m) Geology (m)

93km quasi-circular ¥ Shaft  Actual Min Mean Max Moraine Molasse Calcaire

Tunnel depth at centre: 286mASL ! - =
( 2 2
Gradient Parameters 3 2
Azimuth (°): -15 4
Slope Angle x-x(%): 3 5
Slope Angle y-y(%): : $ .
7
CALCULATE 8
Alignment centre 9
X: 2498923 Y. 1106695 10
LHC Intersection P1  IP2 1 22 81
Angle 1° 1q° 12
Depth 542m  542m Total 3014 2801 3001 3211 4 2052 247
Alignment Profile
1000m —Surface
—Lake
200m —Molasse
800m ~ Calcaire
= *Alignment
’é‘&OOm
(_/j) 500m
<
£ 400m

Okm 10km 20km 30km ) 40km 50km G0km 70km 80km 80km
Distance along ring clockwise from CERN (km
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FCC:

100 km option (Lebrun in Washington DC)

Shaft Depths

Geology Intersected by Shafts

Alignment Shaft Tools

Choose alignment option Shaft Depth (m) Geology (m)
100km quasi-circular v Shaft Actual Min Mean Max Moraine Molasse Calcaire
Tunnel depth at centre: 263mASL !
| 2 -
Gradient Parameters 3
Azimuth (°): -20 4 22
Slope Angle x-x(%): 65 5 :
Slope Angle y-y(%): : ® : :
7 > 235
CALCULATE 8
Alignment centre 9
X: 250011¢ Y. 1108575 10
LHC Intersection IP1 IP2 1 89 :
Angle -65° 65° 12 236
Depth 221m  180m Total 3309 3152 3331 3501 521 2597 220

Alignment Profile

1000m —Surface
—Lake
200m —Molasse
800m ~Calcaire
= *Alignment
700m —Shaft
-
%] 500m
<
£ 400m

_ 40km ) S0km 60km
Distance along ring clockwise from CERN (km)
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~ ep@LHeC

& 108 - _ ] F
> = b . 1 D 5 . 1
o S | LHC: jets,W,Z,DYy - 8 g LHC (E.=140GeV and 1
PP | E— LH 5 =10 e £ ~7Tev |
NG 10° =3 Tevatron: jets,W,Z,DY P P el I =4 ; HERA Experiments: e ) 4
- e || 10 i\ Hl and ZEUS ;
106 L HERA: F.. F /// | ’ Fixed Target Experiments: |
= TP - ?
S — - I N ECDMS |
105 Fixed-target: F , DY /// 2 10 e |
E 7 I |
= Ve | |
- i , |
10 e o
- 7 ppwHO) | |
10°= e Vs =14 Tev 10° |
= i |
. // | 1
10* 5 0 | |
i |
/ |
% 1 ||||||| L1 ||||||| [ Illlllr-l.lﬁnhﬂ [ ||||||| L LI 10 ‘[ 1
-6 -5 -4 -3 -2 -1 : ST - " -
10 10 10 10 10 10 );1 1677 e 5> o e - i A
108? T |||||||| T |||||||| T |||||||| T |||||||| T |||||||| T |||||||| T ||||1'Fg X
= = ~ 106 —
T A S 10 E [nuclear DIS - ., (x,0)
10° p+Pb LHC (7 TeV+2.75 TeV) E 8 - | Proposed facilities: e Pb @ L N
sl Present nuclear DIS 2 s 10 3 Er e
10" E and Drell-Yan in p+A E - et cata:
- 1 NMC
N 4 J L ‘
10° 3 -2 10° = |E) g2
o F H ; F | D e
% 4 __P Pb@ L C 2 10315— E665 e-Pb (LHeC)
o 10°E z | EMC (70 GeV - 2.75 TeV)
N - 7 L
e C ™ - 10°E
3 ] g
107 =
102 i— Qzat Pb - — 10 ;— R
= ’ & E =
- Is 7 L a [~ perturbative
10 © / ~Present | I———————
Rpes \?‘\F\?:Zi”"- DIS+DY Enon-perturbative
1 1 1 IIIIIIi 1 1 IIIIIIi | 1 IIIIIIi | 1 IIIIIIi | IIII;IIi | 1 IIIIIIi L 111l 10‘1;_
10'7 10'6 10'5 10'4 10'3 10'2 10'1 1 1 IIIIIII L1 |I|||l| Ll it 1 IIIIIII 1.1 IIIIIII L1 IIIIIII L LI

10° 10° 10* 10°® 107 10" J
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Q? (GeV?)

N.Armesto, 09.01.2016. - LHeC status and plans: 4. Physics case.

LHC vs. LHeC:

10° B Nuclear DIS & DY data:
= Ultra-peripheral QQ:  ® NMC (DIS)
- m SLAC-E139 (DIS)
10 LHC Y (lyl <2.5) FNAL-E665 (DIS)
= LHC J/W (lyl <2.5) A EMC (DIS)
C * FNAL-E772 (DY)
" PbPb@LHC
10° =
10 in (Pb, b=0 fin)
; perturbative P
e ii.i!! """""""""""""
~ non-perturbative A
10" _ A‘A
= A
- A
10‘2 \HH‘ | \HHH‘ | \HHH‘ | \HHH‘ | \HHH‘ | \HHH‘ [ A
10° 10° 10* 10° 102 10" 1
108;?I IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T Illlffg x
10 p+Pb LHC (7 TeV+2.75 TeV) =
6 :_ Present nuclear DIS _
10°E and Drell-Yan in p+A
105 D)/ 7
. pPb@LHC
8 N
10°E =
1022_ // _=£
- & -
10 ~ Present
E =/ DIS+DY
1 | IIIIIIIi | IIIIIIIi | IIIIIIIi | IIIIIIIi | IIII;IIi | IIIIIIIi L 111l
107 10° 10° 10* 10° 102 10" 1

~ ep@LHeC

o [
e :
3 - ¢/ LHC (E,=140GeV and |
DV I E =7TeV) |
| HERA Experiments: P 5
10 i‘ Hl and ZEUS 1
I Fixed Tacget Experiments:
| BCDMS ‘
10 45 SLAC ‘
10| |
102 |
|
o
|
1| |
| |
10| |
s | -5 & 5
07 10° 107 10* 107 107 10" 1
X
—~ 106 =
‘% 10 = [nuclear DIS - F, ,(x,9)
15 - | Proposed facilities: e P b L )
S
G 10°E | [ thec
= Fixed-target data:
i [ | NmMC
0 e
u [ ] E139
103.5— E665 e-Pb (LHeC)
- | EMC (70 GeV - 2.75 TeV)
10°
10 - QX (Pb,b=0fm)
Eperturbatlve
1F—rt—————
Enon perturbative
107
:IIIIIIII 1 I|I||II| [ R IlIlIIII 1 IIIIIIII 1 llllllll L L

10°

10°

10

10°

102

10

1
X

35



Q? (GeV?)

1 05 B Nuclear DIS & DY data:

= Ultra-peripheral QQ: ~ ® NMC (DIS)

- m SLAC-E139 (DIS)
10 LHC Y (lyl <2.5) FNAL-E665 (DIS)

= LHC JA¥ (lyl <2.5) 4 EMC (DIS)

- * FNAL-E772 (DY)
“  PbPb@LHC
10° =

O’ (Pb, b=0fm) ——~—

10
perturbative a
o o8y .
% non-perturbative .
F A
B A
1 A
10 g AA
- A
0'2 \HH‘ | \HHH‘ | \HHH‘ | \HHH‘ | \HHH‘ | \HHH‘ [N
10° 10° 10* 10° 102 10" 1
108;?I IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T Illlffg x
10 p+Pb LHC (7 TeV+2.75 TeV) =
6 :_ Present nuclear DIS _
10°E and Drell-Yan in p+A 3
10°E 7
10°= =
10°F =
10°
10L i “Present |
E ~—/  DIS+DY
1 | IIIIIIIi | IIIIIIIi | IIIIIIIi | IIIIIIIi | IIIIIIIi | IIIIIIIi [N

10 10° 10* 10% 102 10" 1

—h
o
~

® The LHeC
will explore a
region
overlapping

with the LHC:;

=» in a cleaner
experimental
setup;

=» on firmer
theoretical
grounds.
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LHC vs. LHeC:

ep@LHeC

"
5] 10 LHC: (E.=140GeV and
DV e E,=7TeV)
HERA Experiments:
1051 Hl and ZEUS
} Fixed Target Experiments:
| BCDMS |
1045 SLAC
107 |
- ! |
10 | |
b
=10
10 | |
-7 & -5 & ) =
07 10° 10 w' 107 w0w° 10" 1
X
— 6
‘% 10 nuclear DIS - F, ,(x,Q?)
(] Proposed facilities: e Pb L ( i
A
e 10° | | LHeC
Fixed-target data:
[ | NMC
0 e
[ E139
10° E665 e-Pb (LHeC)
[ | Eemc (70 GeV - 2.75 TeV)
10°
10 Q’ (Pb, b=0fm)
perturbative
1 — —— — — — — — —
non-perturbative
10"
IIIII| 1 IIIIIII| Ll it

10° 10° 10* 10°® 107 10" 1



LHO  PDFs with LHC:

S. Forte at ECFA, Nov. 2015

HERA AND LHC DATA:
WHAT IS THE RELATIVE IMPACT?

e OVERALL MEASURE OF IMPACT: FRACTIONAL UNCERTAINTY
¢ = FIT UNCERTAINTY/DATA UNCERTAINTY Dataset ¢ NLO [ ¢ NNLO
Global 0.201 0.302
HERA all 0.375 0.343
e IMPACT OF LHC DATA MODERATE BUT VISIBLE DR A rLAS | 0303 0-343
e IMPACT OF CMS OR ATLAS COMPARABLE TO (MOD- HERA+CMS 0.315 0.345
ERATE) IMPACT OF NON-LHC, NON-HERA DATA no LHC 0.312 0.316
THE GLUON
GLOBAL VS NO LHC GLOBAL VS HERA+CMS

NNLO, as = 0.118, Q* = 10* GeV?

NNLO, ag =0.118, Q* = 10° GeV?

1_25 TAILL - ||||'| 1 ] 'llllll 1.3: L L I T LTIX L LI I I II 1 I lllllll
g T ,f| i HERA + CMS
~1 15F] === No LHC data — °FE i ;

G G 1 il 2 Global fi
Z 11 Z B
o o E
2 4 2 1
< o 095
Co.95 o
x x 09
o 09 D 85
0.85Mu 0.8
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PDFs with LHC:

S. Forte at ECFA, Nov. 2015
PDFS AT LHC RUN II

e DATA AT HIGHER CM ENERGY & INFO ON CORRELATION TO LOW ENERGY
— EXTENDED KINEMATIC COVERAGE & REDUCED SYSTEMATICS

e EXPECT REDUCTION IN MODEL DEPENDENCE
e MODERATE REDUCTION IN UNCERTAINTY

GLUON
CTEQ AFTER RUN II NNPDF AFTER RUN II
NOW _E Q? = 10000 GeV? L Q7 = 10000 GeV?
NNLO, Q2 = 100 GeV? L B CT10 <] I NNPDF3.0
e — s | BECT10+R,, §x20 5 B NNPDF3.0 + R, § % 2.0
B NNPDF3.0 2 BN CT10+R;. 5 x1.0 M B NNPDF3.0 + R, & x 1.0
5% CT14 G 12 8 CT10+ Ry 5 x 05 & 12 m NNPDF3.0 + Ry - & x 0.5
= I ) A
2 AT MMHT 14 g : %
‘8 x =
°
©
=
X 0.8 0.8} HERAEtter
" 4 4 2141 " 4 3 1111 3 3 A it s szl aasl
10° 107 10" . 10° 102 10" .

(PDF4LHC: 1507.00556)

VERY DIFFICULT TO REDUCE UNCERTAINTIES BELOW 3-4% LEVEL
AT A HADRON COLLIDER
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Diffraction in ep and shadowing:

e Diffraction is linked to nuclear shadowing through basic QFT
(Grlbov) eD to test and set the ‘benchmark’ for new effects.

.l ll'll 'l

120 R,Eb(x 5GeV) 121 RPb(x 5GeV)
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i

0.4 — "= ErFoup |
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Diffraction in ep and shadowing:

(Grlbov) eD to test and set the ‘benchmark’ for new effects.

.l ll'll 'l

12— RED(X 5] GeV’)

=

121 RPb(x 5 GeVd)
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Diffractive dijets:

e(k) e(kK) e(k) e(k)
v* (Q) (u) :': """" VA (0) I
— et remnant
‘M
—jet . 2 (u)
5 ” i :X(PX) et .
IP \Y; - ! |
jet Mz X(P)
remnant | Zp & (v) o
Xip
GAP remnant
Xip GAP
p(P) Y (P
(a) p(P) (b) Y (PY)
—10% e— 10°
> = ==
8 10° ;_ _—___ Diffractive DIS Q*>2 (100 fb™) 10°
o = =_
;-:-1 02 :E = 3 NLOJET++ (NLO) 10
9 - = —
o - =
1= T 102
- ™
107 T . 10
102 = JFT 1 1
10° = T| 10"
104 & 102
10'5 :I | L1 1 1 | L1 1 1 | L1 1 1 | 1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 111 10'3
15 20 25 30 35 40 45 50
I:,jet1

dN/dE"" [GeV]

e Diffractive dijet and
open heavy flavour
production offer large
possibilities for:
=?» Checking
factorization in hard

diffraction.
=» Constraining DPDFs.

® [arge yields up to large
PTjet-

® Direct and resolved

contributions: photon
PDFs.
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LH-C Dihadron azimuthal decorrelation:

® Dihadron azimuthal decorrelation:
currently discussed at RHIC as
suggestive of saturation.

e At the LHeC it could be studied far from the kinematical limits.

B 024 T T T | T | ! | ! |
§ 0.02— p, >2 GeVic STAI(% oplga_fl,l;MNARY Proton 2.75 TeV
o - ’ - p+p (-0. [ |----Proton 7 TeV
© L 1GeVle<p, <p, . d+Au central (-0.0145) | 1 | |- Lead Nucleus 2.75 T eV _
0.015/— U
§ Albacete-Marquet |0 | pread>3 G
3 { ) 1 I
0.01— * P Fi0.16 | PTaSS>2 G -
0.005:— O 12 N _
0_—| 1 | |
0 6 0.08 | N
. oo4¢y+ /S .
1 do? N—hihotXx /7
C(d12) = - . S <
(' 12) dO’(‘Y'C-‘Z—*hIX) dzhldthd(.DlQ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Zh1 0.00 == | ! ) 1 1
2.6 2.8 3.0 3.2 3.4 3.6
(|)12 39
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LH:C Dijet azimuthal decorrelation:

® Studying dijet azimuthal decorrelation or forward jets (pt~Q)

would allow to understand the mechanism of radiation:

=» kt-ordered: DGLAP. 010 * *
=» kr-disordered: BFKL. goef |

3108; * . LI

=» Saturation!? 00 e |

O F—— MEPS SRR
¢ | ' idi 3100 -
Further imposing a rapidity gap = os|

(d|ffr'act|ve jets) WOUId be most N‘O 104% 110'7<x<110'6% 110'6<x<110'5% 110°<x<110"

3| - 3
interesting: perturbatively o0

controllable observable. 10°
10" 3
107 f..'..'..'..'..'.%
108}
10°}

j1 1041 110'4<x<110'3% 110° <x 41102

103

Ad# < 120° A0
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LH:C Forward jets:

e Studying dijet azimuthal decorrelation or forward jets (p1~Q)

would allow to understand the mechanism of radiation:
=» kt-ordered: DGLAP

=» kt-disordered: BFKL.

~ 10°;
=» Saturation? CH:
® Further imposing a rapidity gap 5 il
(diffractive jets) would be most : \LH
interesting: perturbatively 103 1 — uers
controllable observable. . —
X i X ,; small L o
bj bj _|
- 10 : —
; _ = evolution
: ommalln —
:f.‘_:g‘—‘cf—ig.‘%'— 1 | saul ol | iu
‘forward® jet 10° 10" 107 107 10 1
2SR ERRA Eiet X
E jet: EJperoton ;
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Jets:

Ep/e =7/0.07 TeV sqrt(s) = 1.4 TeV 10 fb”

R g A T T T T ]
> F ]
E , =7/0.07 TeV sqrt(s)=1.4 TeV 10 fb" 0 = 7/0.07 TeV sqrt(S) 14 Tev 10 ﬂ) CRTE 0 GeV’ ;
T T T ] — T = 0.1 7 ]
100 < Q* < 50000) Gev’? g w0l 1:]10c O hos i & 2 kr B<r:t ; 250 Gev, 2 <n<
N ) B i Q <5000GeV % NO 10 -
E; preic > 20 GeV, -2 <n <3 ﬁa; 1 -%%Q%\ E.T Breit > 20 GeV,-2<n<3 7; % 3;
N E E ; = 10 ) E A\\
i 12, — —- LHeC (10/fb) | ; AN
7 — s o —+ HERA (0.5/fb) ] 4/ NLO QCD (DISENT) \\
g L LHeC (IO/W ?g 10 L (stat. error only) | 10 ? E’l;‘;(g.glils;llt)lgn + 7 exch. \
g ] i s
Y TETROID — I o 0 w0 A\
' NLO QCD (DISENT) —— 10 S g LLEC b \ :
3 + hadronisation + Z exch. _ ; NLO OCD (DISENT 10 ¢
< CTEQ621 PDYs 10 4* +hadrglsatlo(n+lexch.) g =
:—”R “F < i g CTEQ6.1 PDF's - § HH——— —
- -+ ——— -+ ] 10-5; e = qu Q | 504 [ ' .
i : Jet energy scale uncertainty (1/3%) 7% 04 | — R E 0.2 i E Jet energy scale uncertainty (1/3%)
I Wq,,,, = E Jet energy scale uncertainty (1/3%) B —
=?Z£,’zzz{zz;;’z;;'”m""m-"--v---------;;;;;;z; 1~ 02 0 e it L
) B 0 Eztsasssssosssanssass i, ”’MWWZ= 02 L B
- 7777 Seale | total theo. error 1 202 mﬂﬂ’” /7] Scale | total theo. error
o el nl— 0 /////) Scale / total theo. error 04 b T B
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QIGeV] 10 20 50 100 200 500 v v 1(% [GeV’]
do'_/dE T@ﬁll)(/;é‘él\l per nucleon) do’%;_/dn ) (ub per nucleon)
10°g
. +410°
® |ets: large ET even in eA. 3
F ?)—E 10° 3
. g: 0
5L — L
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d icS i lei (hard bes), ** E3
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: w ] {9
d f h 107%— 211 i Ee>20 GeV ] §
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L SE P W10 I 18
M o MR Tt e(50)+p(7000), CTEQ6.1M 1%
® Background subtraction, W v ], Bk
& alaorthm. Dat 10+£(50)+Pb(2750), CTEQ6.1M 15
. . . oL k-algorithm, D= - -
detailed reconstruction pending. T " T N e Lousnarso, oreas mepso &
10" jet ’ »t ] g
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CRadiation and hadronization:

® | HeC: dynamics of QCD radiation and hadronization.

® Most relevant for particle production off nuclei and for QGP
analysis in HIC. Rh (5.0) — 1 dNh(z,v) / 1 dNB(z,v)
® Low energy: hadronization o Na dvds N dvdz

INSI I - 1/x
inside — formation time, | T T B T
(Pre-)hadronic absorption’... . 7IIIIIII| I IIIIIII| IIIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|

'''''
-
O
..............

L e e m e m s m e et R

~ratio of FFs A/p

Z—Phadr/Pparton

—hadron rest frame
V=Estruck parton

a9 )
e High energy: partonic evolutmy/

Y at=
altered in the nuclear medium. = —~ °° f MSTWOSLO, ghat=0

o MSTWOBLO+EPS09, ghat=0

s MSTWOSLO+EPS09, ghat=0.72, L.,
} MSTWOBLO+EPS09, ghat=0.72, t,.
-,--| 0.4 ; | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | \\\\H‘
10 10° 10° 10" 10° 10°
v (GeV)
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CRadiation and hadronization:

® | HeC: dynamics of QCD radiation and hadronization.
® Most relevant for particle production off nuclei and for QGP

analysis in HIC. Rh (o) — L ng(;,u)/ 1 dNE(z,v)
Alz,v) =
. N¢  dvdz Ng  dvdz
® Low energy: hadronization A TV D Ve )
[ ] [ ] [ ] [ ] /“ X
inside — formation time, | T T B T

(pre-)hadronic absorption,...

/~ratio of FFs A/p

Z—Phadr/Pparton

_—phadron rest frame
V=Estruck parton

@ -
® High energy: partonic evolutmy/ ,

D e MSTWOSLO, ghat=0
altered in the nuclear medium. ~ : : STWOBLOERSQS. ahoted

0
a

X o5 |/ MSTWOBLO+EPS09, ghot=072, L.,
: 08LO+EPS09, ghat=0.72, t,...
e 0.4 o it AL R e e s
10 I 107 10" 10° 10°
Fixed-target LHeC v (GeV)
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LHC schedule:

LHC roadmap: according to MTP 2016-2020 V1 B Physics

LS2 starting in 2019 => 24 months + 3 months BC Bl Shutdown
LS3 LHC: starting in 2024 => 30 months + 3 months BC f:‘l”"t“g
Injectors: in 2025 => 13 months + 3 months BC ] ’

2015 2016 2017 2018 2019 2020 2021

a1|az|a3|a4]a1]|az2|a3[as]a1]|az[a3]as]|a1|a2|a3]|a4 a1 a2 |a3]|a4[a1[az]|a3|a4]a1|az2| 22|04

LHC
Injectors Run 2 LS 2
® PHASE 1
2022 2023 2024 2025 2026 2027 2028
a1]az2]a3]a4]a1]az]a3]a4]a1]az]a3]a4]ai]az]az]as|ai]az]a3]as]ai [ [azlas]ai]az]a3] 0
e Run 3 1S3 B Rrung
Injectors .
o > o—— PHASE 2
2029 2030 2031 2032 2033 2034 2035
a1]c2iasla4]ai]az]a3]a4ai]az[a3]as]ai]az]a3as]a1]a2las]4|a1]a2]a3]as4|a1]az a3 ] a4
LHC

LS 4 I 1S5 I
Injectors

® - — S ~ - - S

G 10T 2un[ ‘D4 pue DS aya 01 Aupaog >a11apadd
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LHC schedule:

LHC roadmap: according to MTP 2016-2020 V2 B Physics

LS2 starting in 2019 => 24 months + 3 months BC Bl Shutdown
LS3 LHC: starting in 2024 => 30 months + 3 months BC i:‘l’“’t“
Injectors: in 2025 => 13 months + 3 months BC ] ’

2015 2016 2017 2018 2019 2020 2021

QAR|GB|M4 QI3 |d|Ql|Q2|Q3|4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4 |Q1|Q2 Q‘?J(M

LHC
Injectors Run 2 LS 2
e PHASE 1
2022 2023 2024 2025 2026 2027 2028
a1[az]a3]a4]a1]az]a3]as]a1]az]a3]as]a1]az]as]as]ai]az2]as]as]ai]c [0z Taa]ai a2 ]a3 a4
e Run 3 1S3 B Rrung
Injectors .
o > o—— PHASE 2
2029 2030 2031 2032 2033 2034 2035
a1]c2iasfa4a1]a2]a3]as]a1]az2]a3]as|a1]az]a3]as]ai]a2Tas[a4]a1]az]a3]as a1 [a2]a3]as
LHC

: LS 4 Run 5
Injectors

o >
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